powder was mixed with feed ingredients to prepare B1 (1 mg/kg) in the final feed. In this experiment Aflatoxin (1 mg/kg) in the final feed was used (50 times greater than the maximum permissible limit for aflatoxin) (0.02 ppm) [8] .
Mycotoxin binder compounds
Toxeat ® is a commercial mycotoxin binder produced by the Tak Gene Zist Co. which contains four strains of Lactobacillus spp. and two strains of Bacillus spp. (1 × 10 7 CFU/g of each). The strains were selected based on previous in vitro study and had the highest aflatoxin absorption capacity among the 200 Iranian strains which were isolated from dairy products. Besides these bacterial strains, Saccharomyces cerevisiae cell walls and HSCAs that exist in this product can nonselectively absorb all kinds of toxins.
Experimental groups
For this experiment, three hundred 7-day broiler chickens (Gallus gallus), genetic strain Cobb500, were randomly divided into six treatments with five replicates (10 birds per replicate, half of them male and the other half female). The experimental groups included T1: negative control (NC) that received the basic diet with no additive, T2: positive control (PC) that received the basic diet + aflatoxin (1 g/ ton), T3: PC + Toxeat ® (1 kg/ton), T4: PC + Toxeat ® (2 kg/ ton), T5: PC + Toxeat ® (3 kg/ton), and T6: PC + Toxeat ® (1 kg/ton) without the inorganic carrier (HSCAs).
The chemical composition of the feeds used in the experimental diet according to the manuals of cobb500 broiler chickens. During the experiment, soybean and corn were used for formulating the experimental mash diets that were analyzed for DM, CP, and amino acid contents by using near-infrared reflectance at Paya Amin Mehr Laboratory. The metabolizable energy contents of the feed were analyzed by using the regression models introduced by the National Research Council ( Table 1) .The broilers were vaccinated against bronchitis, Newcastle, and Gumboro diseases in a drug-free program. During the experiment, the temperature and lighting control systems were set according to the Cobb500 Broiler Management Guide. The environmental conditions were the same for all the experimental groups, and the birds had ad libitum access to feed and water. At all stages of the trial, all ethical considerations were followed.
4. Performance evaluation
To compare performance indices; weight gain, feed intake, feed conversion ratio, and survival rate were recorded during the experiments. Body weight and feed intake were recorded, and feed conversion ratio (FCR) was calculated through dividing total feed intake by body weight.
Immune system assessment
For the contact sensitivity test, five birds from each treatment were challenged with 0.2 mL of 1% Dinitrochlorobenzene (DNCB), (Sigma Aldrich, Germany) in a featherless area on the right side of the body. The thickness of the skin was measured after 24 and 48 h [9] . For evaluation of cutaneous basophil hypersensitivity (CBH), 0.1 mL of Phytohemagglutinin-P (PHA-P), (Sigma Aldrich, Germany) solution was injected in the right foot of birds and variation in toe-web response was calculated after 24 and 48 h [10] .
On day 42, blood samples were taken from the broilers' wing veins, and the smears were prepared and fixed in ethanol (Merck, Germany). The percentage of heterophils and lymphocytes were counted to determine the heterophil/lymphocyte ratio [11] . Evaluation of hemorrhagic immunity was performed by injection of 0.5 mL of 5% sheep red blood cell (SRBC) on days 21 and 28. Seven days after the injections, blood sample was collected form wing vein. The microtiter hemagglutination method was used to determine the overall response to SRBC, IgG, and IgM concentrations in the serum [12] .
Intestinal morphology
On day 42, three chicks from each treatment were euthanized and their jejunum and ileum sections were washed with 9% saline solution. After the tissues were fixed in 10% buffered formalin (Sigma Aldrich, Germany) and dehydrated, they were embedded in paraffin. Consecutive 5-μm thick sections were cut from the tissues, stained with hematoxylin and eosin (Merck, Germany), and villus length, villus width, and crypt depth were measured by Nikon E100 microscope [13] .
Cecum microbial flora
To determine cecal microflora, 1 g of cecum content in each bird was transferred to a sterile falcon tube on ice and immediately transferred to the laboratory. Fecal specimens were serially diluted in phosphate buffer solution (pH 7.2). For enumeration of LAB, serially diluted samples were cultured on MRS agar medium (Sigma Aldrich, Germany) and incubated at 37 °C for 48 h in a 5% CO 2 atmospheric. EMB Agar medium (Merck, Germany) was used for differentiation and enumeration of Escherichia coli, and the plates were incubated at 37 °C for 24 h [14, 15] .
Statistical analysis
The results of the experiment were analyzed using a completely randomized design. SAS Institute 9.2 software (2009) was used for the statistical analysis of all data and Duncan's multidomain test at the significance level of 0.05 for the comparison of the means.
Results
Our results showed that the administration of aflatoxin significantly reduced weight in the PC group compared to the negative control (P < 0.05). Surprisingly, use of Toxeat ® inhibited weight loss in the treatment groups (P ˃ 0.05). As was expected, aflatoxin reduced feed intake and therefore increased the feed conversion ratio (FCR) in the PC group (2.38) compared to the NC group (2.02). The Toxeat ® supplement significantly improved FCR in treated groups, so there were no significant differences between the Toxeat ® treated groups and the NC group with respect to FCR (P > 0.05, Table 2 ).
Skin sensitivity test with DNCB on day thirty-five showed the PC group with diameter of 0.5 mm had the weakest skin responses among all the groups (P < 0.05, Table 3 ). This means that aflatoxin caused significantly decreased cell mediated immune response (Table 3 ).
However, as was expected from the presence of probiotic bacteria in Toxeat ® , the immune system was ameliorated in Toxeat ® -treated groups (P < 0.05, Table 3 ). In the CBH test, the PC group exhibited the weakest and the T 3 , T 5 , and T 6 groups the strongest response (P < 0.05, Table 3 ). As obviously seen in Table 3 , the percentage of lymphocyte declined in the PC group due to the absorption of aflatoxin. Toxeat ® controlled this reduction and ameliorated the side effects of aflatoxin. There were significant increases in the number of immune cells in the Toxeat ® -treated groups compared with the PC group (P < 0.05, Table 3 ).
As it can be seen in Table 4 , the highest concentrations of the antibodies against SRBC on day twenty-eight were those of the NC, T 3 , and T 5 groups with no significant differences between them (P > 0.05). However, the highest levels of IgG were found in the T 3 and T 5 groups that received Toxeat ® (P < 0.05). The highest antibody response to SRBC at the age of thirty-five days amongst the Toxeat ®treated groups belong to T 4 and T 6 (P < 0.05) and the highest IgG level to the NC and T 3 groups (P < 0.05). However, the IgM results did not show a significant difference in the two periods (P ˃ 0.05). In both experimental periods, the lowest antibody titer was against SRBC, and the lowest IgG titer was measured in the PC group (P < 0.05).
The length of the villus in both sections decreased in the PC group compared to the other groups numerically (P ˃ 0.05). There was no significant difference between T 3 and NC group for villi length to crypt depth ratio (V: C) numerically (P > 0.05, Table 5 ).
As shown in Table 4 , aflatoxin reduced the LAB count in the PC group whereas the number of E. coli increased simultaneously (P < 0.05). Toxeat ® at all levels significantly increased the LAB count and decreased the number of E. coli. This amelioration of intestinal profile could be the reason for better food absorption and higher FCRs in these groups (P < 0.05).
Discussion
According to the results of the study, the deleterious effect that aflatoxin has on the feed intake, BW, and FCR in the PC group can be attributed to the lethargy (a feeling of listlessness and general inactivity), anorexia (a loss of appetite), inhibition of protein synthesis, and lipogenesis [16] . Administration of Toxeat ® , however, not only improved FCR but also ameliorated the adverse effects of aflatoxin [11, 16] . Salem et al. [17] used a commercial biological mycotoxin binder in diets infected with aflatoxin. The commercial product controlled the adverse effects that aflatoxin have on BW and FCR and prevented the incidence of aflatoxicosis in poultries. Similar results were obtained when using Toxeat ® , where the effects of probiotics bacteria and HSCAs available in Toxeat ® managed to control and/or alleviate the adverse effects that aflatoxin have on BW and FCR.
Decreased IgA and IgG levels in broiler chickens infected with aflatoxin has proven to weaken the immune system [12, 18] . The number of heterophils and lymphocytes are increased and decreased in response to aflatoxin toxicity, respectively, causing the lower efficiency of the immune system [16] . Probiotics have many benefits to the host mainly through improving and/or strengthening the immune system [16] . They improve the efficiency of intestinal absorption of food by absorbing aflatoxin from the diet [19] . As the results of the present study indicated, Toxeat ® can alleviate suppressive and stressful effects that aflatoxin has on chickens. There is a correlation between the results of our research and the findings of previous studies on immune system response and growth performance. As the literature suggests, the antibody titer is increased by applying Saccharomyces cerevisiae in diets infected with aflatoxin [20] . Toxeat ® contains yeast wall of S. cerevisiae, leading the antibody titer to be increased in groups received Toxeat ® . And this finding is consistent with the results of the study mentioned above.
Increased number of gram-negative bacteria and a decrease in population of intestinal LAB are the adverse effects of aflatoxin in chickens [3, 4] . The results showed a significant decrease in LAB count, whereas a significant increase in LAB count was observed in Toxeat ® -treated groups. LAB can protect poultries against adverse effects of aflatoxicosis [19] . LAB-containing Toxeat ® increased LAB levels in the cecum. It also can counteract the adverse effects of aflatoxicosis in poultry flocks, because of highpotential LAB it contains. Using probiotics in diets infected with the use of probiotic in contaminated diets of aflatoxin not only absorbs poisons from the poultry diet but also, by being present in the intestines of the animal, competes with pathogenic bacteria and alters the microflora of the intestine towards beneficial bacteria, improves the growth function and metabolism [19] . Based on the above mentioned material, in groups receiving Toxeat ® , the increase in the number of LAB resulted in improved performance in these groups.
As the literature suggests, lactobacillus bacteria with S. cerevisiae, Lactobacillus plantarum, bentonite, or zeolite in chicken exposed to aflatoxin-contaminated rations can absorb poison, improve the immune system, increase growth performance and intestinal absorption of food, and reduce the damage of aflatoxin to tissues such as the kidney and liver against the effects of solo aflatoxin in these studies [21] [22] [23] [24] . Toxeat ® contains yeast, probiotic bacteria, and HSCAs, and the results of the present study-in accordance with the findings of previous studies-confirms its efficiency in controlling and/or alleviating the adverse effects that aflatoxin has on poultries.
Overgrowth of pathogenic bacteria due to aflatoxin intake causes intestinal dysbiosis and results in abnormality in the physiology of intestinal epithelium. Aflatoxins cause significant reduction in villus length and disrupt feed absorption [25] . In this experiment, villus length and the number of intestinal E. coli increased as a consequence of toxin intake. Control of intestinal homeostasis can be an important way to improve the health of the host [25] . This improvement in health was achieved by adding Toxeat ® to the contaminated feed in the diet. Our results showed that Toxeat ® was able to improve the immune system response. Furthermore, a reduction in the pathogenic bacteria and an increase in the LAB improved the immune system and growth performance in the groups that received Toxeat ® . Toxeat ® is a dual-purpose product: it has mycotoxin-binding properties and is also a proper probiotic product for broiler. Therefore, its administration improves growth performance.
